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Pathogenetic mechanisms of angina pectoris:
expanding views*
ATTILIO MASERIt

From CNR Laboratory of Clinical Physiology, and University of Pisa, Italy

It was with pride that I accepted the honour of
giving the Thomas Lewis Lecture for 1977 and I
have chosen to present a subject to which we have
devoted our main research efforts during the past
10 years. This Memorial Lecture seems to me an
appropriate occasion to present our findings,
because they represent the fruit of investigations
performed in the scientific spirit of Sir Thomas and
because they bring objective support to an
hypothesis that he had brilliantly anticipated over
40 years ago,' on the basis of acute clinical observa-
tions and of logical deductions.

In the first part of my presentation I wish to
outline the considerations that inspired our studies,
in the second I will illustrate our results, and in the
third I will put forward the implications of our
expanding views on angina pectoris.

Traditional hypothesis

It is generally accepted that angina pectoris is
caused by a transient, acute imbalance between
myocardial demand and coronary blood supply.
This imbalance is traditionally ascribed to coronary
artery stenosis which sets a fixed limit to the
possible increase in myocardial blood flow so that
angina ensues whenever oxygen supply falls short
of myocardial metabolic demand. This has been
proven repeatedly to be a possible mechanism of
angina pectoris, and as a result a rather restrictive
definition of angina pectoris has gained acceptance.
Thus, Friedberg2 writes: ". . . the occurrence of the
pain or pressure with effort is an essential element of
the syndrome although it does not occur invariably
with the same exertion. The pain of angina pectoris
may occur at rest, but if it does not also occur with
effort or cannot be reproduced by bodily exertion
the diagnosis of angina pectoris may be questioned."
Thus, though he recognised that angina might
occur with variable levels of exertion and even at
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rest: (1) he implicitly attributed the variable
threshold of angina only to different levels of myo-
cardial demand for the same work; and (2) he
practically denied the existence ofangina at rest with
unimpaired exercise tolerance and the possible role
of a functional variability of myocardial blood
supply. By extrapolation, this opinion helped to
generate the notion that the only variable capable of
determining a transient acute imbalance between
myocardial demand and supply (and thus produce
myocardial ischaemia) was an excessive increase in
myocardial demand relative to the fixed limitation
of supply caused by coronary atherosclerosis. The
conclusions of the editorial by James3 that "the
most frequent explanation for angina without
coronary disease is an incorrect interpretation of
the coronary arteriogram" is a clear expression of
a concept so deeply ingrained that it was difficult to
recognise that it was actually a hidden assumption.
In fact, the demonstration of stenosis of a coronary
artery cannot be considered, per se, as proof that
attacks of angina result from an increase in myocar-
dial demand beyond supply; it is also necessary to
show that they occur because local coronary flow
reserve is exceeded.

Conflicting findings

Several observations contradict the traditional
hypothesis that the only mechanism of angina is
an excessive increase in myocardial demand in the
presence of critical coronary stenosis and suggest
that the relation between coronary atherosclerosis
and clinical manifestation of the disease is a direct
one.4

(1) A review of the published reports discloses
that about 10 per cent of patients with angina have
normal coronary arteries or no critical lesions.5
Furthermore, about 10 per cent of patients with
"unstable angina" and typical electrocardiographic
changes had to be excluded from randomised
surgical trials because they were free from signifi-
cant coronary stenosis.6 7

(2) In patients with angina no reasonable
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prediction of the extent of the coronary stenosis
can be made on the basis of the severity of symp-
toms.8-'4 Furthermore, the extent of coronary
atherosclerosis in patients with unstable angina is
similar to that of patients with stable angina.'5 16

(3) An appreciable number of subjects with
documented severe coronary atherosclerosis have a
normal effort electrocardiogram despite full exercise
stressing.'4 17 These reports are consistent with the
findings at necropsy of severe coronary athero-
sclerosis in a considerable number of asymptomatic
persons dying of non-cardiac causes.'8-20 Further-
more, the presence or absence of clinical symptoms
cannot be related to the variable development of
collaterals, these collaterals being related only to
the degree of coronary stenoses.20 Thus, the
comparison of the high incidence of coronary
atherosclerosis in the general population with the
relatively low incidence of ischaemic heart disease
suggests that the presence of stenoses, per se, cannot
be considered as the only determinant of the clinical
manifestations of the disease.2'

(4) Animal experiments indicate that: (a) in the
presence of an acute reduction of the lumen of a
major coronary branch by 65 per cent, flow across
the stenosis can still increase by about five times
the resting level22; (b) only in the presence of a
90 to 95 per cent acute lumen reduction does flow
through the stenosed branch decrease below resting
level22; (c) normal myocardial flow distribution was
observed in dogs during submaximal treadmill
exercise six months after ameroid closure of the
left circumflex artery.23 Thus, functional factors
interfering with the relation between myocardial
demand and supply, in the presence or absence of
coronary atherosclerotic stenosis, must play a role
in the genesis of angina pectoris. Similar conclusions
were reached by Lewis' in relation to attacks of
angina at rest. On the basis of careful measurements
of heart rate and blood pressure in patients during
successive attacks of angina at rest and during
physical exertion, Lewis concluded: "It appears
almost necessary to assume that a strict relation
between pain and pressure is broken by some
factors of interference and the factor in mind is an
inconstant state of the coronary vessels". However,
the hypothesis of coronary vasoconstriction, con-
sidered as a cause of angina pectoris long ago by
Latham,24 and Osler,25 and other distinguished
authors, fell into disrepute when nearly all patients
with angina were proved at necropsy to have
coronary artery atherosclerotic obstructions of
variable severity.26 Because pathologists could
document so clearly the atherosclerotic stenosis
but were unable to obtain any evidence ofvasomotor
tone during life in their necropsy specimens, they

felt entitled to deny categorically the existence of
other mechanisms that they could not objectively
demonstrate.
The hypothesis of coronary vasospasm was

proposed by Prinzmetal et al. in 195927 to account
for the form of angina that he described as "variant"
and which has stimulated more recent research
using recent advances in technology.

Studies of angina at rest

Following this line of reasoning, we have concen-
trated our interest on the study of angina at rest
where, according to clinical experience, functional
factors might be expected to play a major role.

Typical transient electrocardiographic abnormali-
ties (ST segment depression or elevation greater
than 02 mV) were documented during at least
one spontaneous attack of angina in 193 patients
admitted to our institution between 1970 and 1977
with attacks of angina at rest.* In these patients,
clinical histories, electrocardiographic changes
during angina, and coronary arteriographic findings
were extremely variable. The onset of angina ranged
from 25 years to a few days before admission to
hospital. More than a third had had a previous
myocardial infarction and more than two-thirds
also gave a history of exertional angina which
sometimes preceded, but more often followed, the
onset of angina at rest. A minority reported such
severe limitation of exercise tolerance that they
were consistently prevented from climbing a single
flight of stairs or from walking 100 metres at a slow
pace.
These patients were the subject of our research,

which has developed along five lines.

CONTINUOUS ELECTROCARDIOGRAPHIC
MONITORING
With the aim of investigating the pattern of tran-
sient electrocardiographic changes and their relation
to anginal pain, and to arrhythmias, we recorded
over 7000 electrocardiograms during transient
ischaemic episodes with or without pain.28
The most striking observations made possible by

the large number of episodes of transient myocardial
ischaemia recorded were:
(1) the great variability of the transient electro-

cardiographic changes in different patients and
in the same patient during different episodes
and during successive phases of the same
episode;

* Patients with typical angina at rest, with or without old mnyocardial
infarction, who did not show typical electrocardiographic changes
during their spontaneous attacks of angina, were not included in this
group.
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(2) the delayed appearance of pain relative to the
onset of electrocardiographic changes;

(3) the frequency in some patients of typical,
transient ST segment and T wave changes,
similar to those observed during attacks of
angina, which were not accompanied by chest
pain, and of T wave changes alone with or
without pain.
In those patients in whom unequivocal electro-

cardiographic changes were documented at least
once during angina, elevation of the ST segment
(of at least 02 mV) in at least one lead, with or
without depression in other leads, was more
frequent than depression. However, while some
patients consistently showed ST segment elevation
in the same leads in all episodes, others frequently
or occasionally presented with episodes charac-
terised by ST segment depression and/or transitional
forms such as peaking of T waves, negative T waves
becoming upright, or inversion of positive or flat
T waves. Conversely, other patients who usually
showed ST segment depression, occasionally
showed transient reversible ST segment elevation
and/or transitional forms. All these changes were
observed with or without anginal pain.
These observations show that (a) elevation of the

ST segment, described by Penati,29 Brow and
Holman,30 Secondari,31 and Wilson and Johnston32
and considered to be the hallmark of the variant
form of angina by Prinzmetal,27 appears to be
simply the most dramatic aspect of a continuous
spectrum of electrocardiographic changes during
angina rather than characteristic of a well-defined
syndrome28; and (b) anginal pain is not a sensitive
index of the presence of acute transient myocardial
ischaemia because it occurs late and it may be
absent.

STRESS TESTING
Because of the frequent absence of a history of
progressive decrease of exercise tolerance to
minimal levels, we considered it of great practical
relevance to study the coronary flow reserve of
these patients. We therefore performed sitting
bicycle ergometer exercise stress testing, with
continuous supervised monitoring of the electro-
cardiogram, and of the blood pressure in most
patients (initially only in a few and recently in all).
More recently, we have studied a group of patients
by comparing the values of the heart rate systolic
blood pressure product (as an index of myocardial
oxygen demand) measured at the onset of the
ischaemic episode at rest with that attained at the
angina threshold during pacing-induced tachy-
cardia. These studies showed the following:

(1) The coronary flow reserve of these patients

was usually not reduced to the extremely low levels
expected from their history: angina never developed
below an exercise level of 50 watts for two minutes
and only very few patients developed ST segment
depression at 25 watts; most patients could perform
up to 75 or 100 watts and several had a negative
stress test.28 33

(2) The heart rate systolic blood pressure
product at the onset of the spontaneous attacks of
angina was consistently much lower than that
attained at the angina threshold during atrial pacing
or exercise.34
These observations show that: (a) it is illogical

to assume without proof that spontaneous attacks
of angina at rest result from an increase in
myocardial oxygen demand in excess of that
tolerated during the stress test; and (b) two different
causes of angina should be postulated to coexist in
patients with angina occurring at rest at a much
lower level of cardiac work than that causing
exertional angina.

CONTINUOUS HAEMODYNAMIC MONITORING
For rational management of these patients we
considered it essential to show whether or not the
attacks of angina at rest were caused by an increase
in the haemodynamic indices which determine
myocardial oxygen demand. Thus, in collaboration
with Drs Chierchia, Marchesi, Pesola, and Mimmo,
we continuously monitored arterial and intra-
cardiac pressures for several hours in patients with
frequently recurring attacks of angina. These
studies35 36 showed the following:

(1) There was no significant increase in heart
rate, systolic blood pressure, or left ventricular
contractility (as indicated by left ventricular peak
dP/dt) preceding the onset of the ST segment
changes, irrespective of their direction (Fig. 1).

(2) An impairment of ventricular function
occurred during angina (sometimes with increases
in left ventricular end-diastolic pressure up to
50 mmHg); the episodes with a more abrupt onset
of ST segment change (usually elevation) were
associated with a sequence of haemodynamic
changes remarkably similar to those observed in the
dog37 after sudden coronary ligation (reduction of
peak ventricular relaxation and contraction dP/dt,
increase in end-diastolic pressure, drop in systolic
pressure, and elevation of the ST segment) (Fig. 1).

(3) Pain consistently followed (sometimes by
several minutes) the onset of the ST segment
change; heart rate and blood pressure were some-
times increased at the onset of pain and increased
further thereafter.

(4) A large number of transient episodes of
typical ST segment elevation or depression, not
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accompanied by pain, and of episodes of transient
T wave change (peaking, inversion, inverted
becoming upright) with and without pain, were
recorded, and were associated with impairment of
left ventricular function, similar to that occurring
during episodes of typical ST segment elevation
or depression with pain (Fig. 1).
These observations show that: (a) attacks of

angina at rest are not caused by an excessive increase
in myocardial demand; this is in contrast to the
conclusion reached from studies based on isolated
measurements at the onset of the attack of
angina.38-40 This contradiction may be related
partly to the erroneous assumption that the onset
of pain corresponds to the onset of ischaemia and
partly to the assumption that the observation of an
increase in heart rate and blood pressure was, by
itself, sufficient proof that the coronary flow
reserve was indeed exceeded. (b) Asymptomatic ST
segment changes and atypical T wave changes may
be an expression of acute myocardial ischaemia
associated with obvious ventricular functional
impairment and sometimes also with dangerous
arrhythmia. Thus, pain and ST segment changes
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can no longer be considered the only hallmarks of
acute myocardial ischaemia.

REGIONAL MYOCARDIAL PERFUSION STUDIES
Following our previous studies we decided to
investigate whether these attacks of angina at rest
were caused by a sudden transient reduction of
regional myocardial perfusion. In collaboration
with Drs Padodi, Severi, and Uthurralt, we
performed thallium-201 scintigraphic studies during
attacks of angina at rest in a large number of patients
with a variety of transient electrocardiographic
changes, with or without pain.
A regional reduction of myocardial perfusion was

consistently documented regardless of the direction
of the ST segment or T wave change and of the
presence or absence of pain. Regional reduction of
myocardial perfusion was massive and transmural
during episodes characterised by elevation of the
ST segment, and corresponded well with the leads
involved by ST segment elevation,4' but similar
massive deficits of tracer uptake were also seen in
patients with only transient ST segment shifts
towards normal or peaking of T waves, with or
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Fig. 1 Transient episodes of acute myocardial ischaemia with ST segment elevation and depression may occur in
the same leads within a few minutes, without symptoms. Continuous haemodynamic recording (in a patient who had
episodes of angina with ST segment elevation and episodes with ST depression) (a) and computer analysis
(b). During the recording, the patient had several episodes of angina with variable electrocardiographic changes;
some electrocardiographic changes were asymptomatic. This recording shows two successive asymptomatic episodes
characterised by haemodynamic changes similar to those observed during symptomatic episodes. In (a), the onset
of the changes is indicated by arrows. In (b), the onset of the episodes of ST segment elevation and depression
(vertical lines) is not preceded by any increase in heart rate, systolic blood pressure, or contractility. The presence of
these electrocardiographic abnormalities is associated with impairment of dP/dt, and with increase in diastolic and
reduction in systolic pressure of the left ventricle. STPA and STNA, positive and negative area of the ST segment of
the electrocardiogram; HR, heart rate; dP/dt C and R, peak contraction and relaxation dP/dt.
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without angina. Less massive, more diffuse deficits
of thallium-201 uptake were observed during
episodes characterised by ST segment depression,
a pattern compatible with diffuse subendocardial
ischaemia." 4 Patients with attacks of angina with
ST segment depression, occurring either spon-
taneously at rest or during an effort test, showed
much more obvious deficits of thallium uptake
during spontaneous than during exercise-induced
attacks (Fig. 2), indicating a reduction of regional
myocardial perfusion during spontaneous angina
and an inadequate increase during exertional
angina.44
More recently, Chierchia et al.,45 in a study

based on continuous monitoring of coronary sinus
oxygen saturation, showed that transient ST
segment changes and transient T wave changes,
with or without pain, were not only accompanied
by a reduction in regional myocardial perfusion, as
shown by thallium-201 studies, but were also
preceded by a sudden regional reduction of coronary
blood flow.
From these observations it follows that: (a) the

acute imbalance responsible for the attacks of
angina at rest is caused by a sudden transient
reduction of regional coronary blood supply rather
than by an excessive increase in myocardial
metabolic demand; and (b) a massive, transmural
reduction of flow seems to result in ST segment
elevation, inverted T waves becoming positive, or
peaking of T waves; a non-transmural reduction of
flow seems to result in depression of the ST segment
or in T wave inversion, irrespective of the occur-
rence of pain.

CORONARY ARTERIOGRAPHY
Stimulated by the hypothesis of Latham,24 Osler,25
and Prinzmetal et al27 and isolated fortuitous angio-
graphic observations,46-49 we began a systematic
investigation of the possible role of coronary
vasospasm in angina at rest. Thus, in collaboration
with Drs L'Abbate, Pesola, Marzilli, and Ballestra,
we obtained repeated selective coronary arterio-
grams during attacks of angina either spontaneous
or induced by the intravenous injection of ergo-
metrine, with the aim of demonstrating the occur-
rence of coronary vasospasm and of determining its
site and its relation to coronary atherosclerotic
stenosis and to transient electrocardiographic
changes.

In the absence of symptoms or electrocardio-
graphic signs of acute myocardial ischaemia,
coronary arteriograms (obtained in about 80% of
these patients) showed normal vessels or no critical
stenoses in about 10 per cent, triple vessel disease
in about 30 per cent, and one or two vessel disease
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Fig. 2 Regional myocardial perfusion is more severely
impaired during spontaneous angina at rest than during
exertional angina. Thallium-201 myocardial scintigraphy
in left anterior oblique position, with 12 lead electro-
cardiogram (top) in control conditions (a), during
spontaneous attack of angina at rest (b), and during
angina occurring during exercise stress test at
100 watts/minute for three minutes (c). A deficit of
perfusion is clearly visible in (b) (arrows), but is barely
visible in panel (c), notwithstanding the similarity of the
clinical symptoms and of the ST segment changes. We
interpret this difference as meaning an actual flow
reduction during angina at rest and to an inadequate
increase during exertional angina.

in the remainder.28 Severe coronary stenoses were
found more often in those patients who also gave a
history of exertional angina.
When contrast injections were made during an

episode of transient ST segment change, with or
without pain, transient vasospasm was observed in
each case.28 60-3 The severity and extent of spasm,
the electrocardiographic abnormalities, and the
degree of atherosclerosis in the vessel showing
spasm were variable. Variable severity and extent
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of spasm was seen not only in different phases of
the ischaemic episode, but also in successive
episodes. Giant ST segment elevation was always
associated with occlusive spasm of a main branch
(main right, left anterior descending, circumflex)
without distal filling, but similar angiographic
appearances were associated also with lesser degrees
of ST segment elevation, with peaking of T waves,
and with negative T waves becoming upright
(Fig. 3). In other instances these less-dramatic
electrocardiographic abnormalities were associated
with subocclusive spasm, with poor distal filling,
sometimes retrograde via collaterals, and slow run-
off. Often diffuse constriction of a branch coronary
artery, noticed at the very beginning of an episode
when there was only peaking of T waves, was
followed by complete occlusion during obvious
elevation of the ST segment.28 5

Typical widespread ST segment depression was
associated with diffuse but less severe spasm of
many branches, or with occlusive or subocclusive
spasm of a large branch with severe atherosclerotic
stenosis and some distal filling via collaterals.
Conversely, isolated spasm of a diagonal or of a

2c

septal branch was observed in patients with isolated
ST segment depression in the anteroseptal or
anterior leads.28 51 52
Vasospasm was observed in vessels which were

normal on angiograms, or which had wall irregu-
larities only, or stenosis varying from 50 per cent
to subocclusive.

Usually the vasospasm appeared to extend
proximally and, when visible, also distally from the
stenosis. Retrograde filling via collaterals of the
vessel occluded by spasm was observed during
some ischaemic episodes. Recently we failed to
detect obvious spasm during spontaneous anginal
attacks in one patient with severe coronary athero-
sclerosis; it is possible that a minor reduction in
calibre, not easily detectable, may be sufficient to
reduce the flow in these cases or that other mechan-
isms are responsible for the attack.

These observations indicate that:
(a) coronary vasospasm is responsible in the great

majority of cases for the sudden reduction of
myocardial blood supply documented by the
flow studies;
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(b) the vasospasm may involve vessels with any
degree of coronary atherosclerosis. While
patients with insignificant organic coronary
artery stenosis have an unimpaired exercise
tolerance, those with severe stenoses may also
develop acute myocardial ischaemia when
myocardial demand is increased beyond the
coronary flow reserve. Thus, in some patients
vasospastic angina may coexist with classical
exertional angina; and

(c) the more frequent documentation of spasm
during episodes of ST segment elevation can be
attributed to the more dramatic changes in
calibre of the main branches associated with
this electrocardiographic pattern. In vessels
with critically narrowed lumen, a small increase
in vasomotor tone, not easily detectable angio-
graphically, may be sufficient to reduce flow.
In other cases constriction of resistance vessels
may be responsible for the reduction in flow.

A distinction between spasm of large branches,
increase in normal vasomotor tone, and con-
striction of resistance vessels may be relevant,
because if different mechanisms are responsible,
different specific treatments may be required.
Platelet aggregation or other mechanisms cannot
be assessed angiographically.

Perspective

Each of our five lines of research has yielded results
which are in agreement with those of other similar
studies.54 These confirm the variability of the
electrocardiographic changes,55 the reasonably good
coronary flow reserve,56 the absence of increased
myocardial demand,57-59 the reduction in regional
myocardial perfusion,6>62 and the presence of
coronary vasospasm during ST segment elevationf63
and depression.59 64 The greater number of reports
of angiographic demonstration of spasm during

Fig. 3 Coronary spasm may involve different parts of an artery and result in different electrocardiographic changes.
The left coronary angiogram in the absence of symptoms shows two stenoses (arrows) in the left anterior descending
(LAD) (a). The patient also had angina during severe exertion; the triangular electrocardiographic stress test
became positive only at 150 watts every two minutes (workload increased every two minutes during continuous exercise
without intermission), but he also had recurrent attacks of angina at rest with variable ST segment changes.
Angiography during asymptomatic T wave elevation in V4 (b) showed occlusive spasm in the middle third of
the LAD (arrow) which disappeared spontaneously within a few minutes (c); about five minutes later he had
spontaneous ST segment elevation with pain and showed occlusive spasm of the proximal LAD (d, arrow)
which disappeared after intracoronary isosorbide dinitrate (0 2 mg) which caused evident coronary dilatation (b).
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episodes of ST segment elevation is probably
attributable to the particular interest in this
electrocardiographic pattern stimulated by the
hypothesis of Prinzmetal et al.,27 and to the more

dramatic changes in calibre of the main coronary

branches usually associated with this electro-
cardiographic pattern.
The results of these five lines of research fit

together, like tesserae of a mosaic, to provide a

clearer picture of angina pectoris. Therefore, I
believe that the time has come to attempt a re-

definition and a pathogenetic classification of angina
pectoris which is both clinically useful and a

stimulus to research.

REDEFINITION OF ANGINA PECTORIS
In the context of ischaemic heart disease angina
pectoris appears to represent only a clinical
syndrome, one of the possible manifestations of
acute transient myocardial ischaemia, which may

be completely asymptomatic, or may be accompan-

ied by dyspnoea only or by rhythm disturbances
only: it can result from various pathogenetic
mechanisms and can be associated with various
electrocardiographic changes. Anginal pain does
not even seem necessarily to indicate a greater
severity of ischaemia or risk of dangerous arrhyth-
mias. Therefore, since management of angina has
hitherto been inspired by the traditional concept
of excessive increase of metabolic demand and since
our studies have shown that this is not the only
cause, a provisional updating of the classification of
angina should help in the practical management of
the patient.

CLASSIFICATION OF ANGINA PECTORIS
The clinical classification into "stable" and
"unstable" angina has a prognostic significance
only and serves as a guide to how carefully and
intensively the patient should be managed rather
than what type of management he should receive. I
would like to propose the following provisional
pathogenetic classification: angina "secondary" to
increased myocardial demands beyond the fixed
possibility of supply limited by coronary athero-
scleratic stenosis (according to the now prevailing
theory) and "primary" angina,* caused by other
mechanisms.65 This distinction should simply serve
the purpose of an immediate clear-cut separation
of the traditionally accepted mechanism of "secon-
dary" angina, for which the diagnostic and thera-
* "Primary" is a term borrowed from other fields of medicine meant
only to indicate our present ignorance about pathogenesis. It is
expressly used to emphasise that this differentiation, rather than the
proof of the existence of spasm, is the most important message of
our expanding views on the mechanisms of angina pectoris. It is
meant to stimulate an open-minded approach to any possible cause
of angina.

peutic approaches are already reasonably well
defined, from all other causes which require
appropriate and specific management. As in the case

of systemic hypertension, the pathogenetic classifi-
cation will become more precise as the causes of
"primary" angina become identified.
For practical management, patients should be

classified as having (1) only "primary" angina; (2)
only "secondary" angina; (3) predominantly "pri-
mary" or predominantly "secondary" angina (with
or without transient electrocardiographic changes
and with or without associated episodes of asympto-
matic transient myocardial ischaemia). The mech-
anisms of "primary" angina and the degree of limit-
ation of exercise tolerance in "secondary" angina
(as a measure of the degree of limitation of the
coronary flow reserve) should also be specified
(Table).
For "primary" angina the only reasonably well-

documented cause so far is coronary vasospasm,

possibly because it has been more carefully sought
than other postulated causes such as platelet
aggregation,66 small vessel disease,67 transient
myocardial metabolic abnormalities,68 and inade-
quate vasodilatation.69

Table Classification of angina pectoris*
Pathogenetic Severity
mechanisms
1) "Primary" angina Depends on: number and duration of the

attacks, incidence of severe arrhythmias
-Vasospastic

(2) "Secondary" Grade 1: angina occurs consistently and
angina only during severe exertion

Grade 2: angina occurs consistently during
moderate exertion (fast walk for half a
mile, climbing rapidly several flights of
stairs); higher levels of work are never
tolerated; lesser exertion never causes
angina under ordinary conditions

Grade 3: angina occurs consistently during
lesser exertion (walking 100 yards,
climbing one or two ffights of stairs);
higher levels of work are never tolerated;
lower levels of exertion never cause
angina under ordinary conditions

Grade 4: angina occurs consistently with
the slightest physical exertion (walking
a corridor); higher levels of activity
are never tolerated; angina may also be
caused by increased heart activity
at rest

(3) Mixed forms Combined criteria of "primary" and of
- predominantly "secondary" angina; patients who have a

"primary" widely variable threshold of exertional
- balanced angina or have also spontaneous attacks
- predominantly (not provoked by obvious haemodynamic

"secondary" changes) should be suspected of having
mixed forms

* Patients may have variable electrocardiographic changes during
angina and may also have asymptomatic episodes of transient acute
myocardial ischaemia.
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In "secondary" angina, the severity ofimpairment
of coronary flow reserve should be evaluated from a
careful history and from the level of cardiac work
at which the electrocardiographic stress test is
consistently positive; the level of exertion that the
patient can never exceed without the occurrence of
symptoms or signs of acute myocardial ischaemia
should be used to classify patients. The diagnosis of
"secondary" angina should be confirmed by the
demonstration of the presence of critical coronary
stenoses.
With careful evaluation, the vast majority of

patients we see fall into the third category and the
minority into the second category listed in the
Table.

RESEARCH APPROACH
New practical objective criteria for the diagnosis of
transient acute myocardial ischaemia are needed.
In fact, the low sensitivity of the traditional hall-
marks of acute transient myocardial ischaemia,
namely pain and ST segment changes, suggests a
reconsideration of our set of equations: pain + ST
segment changes = ischaemia; pain + atypical
electrocardiographic changes, or ST segment
changes - angina = uncertain; atypical ST seg-
ment changes - pain = no ischaemia.

It is inappropriate to discuss the "sensitivity" and
"specificity" of electrocardiographic stress testing
or of myocardial perfusion studies in predicting the
presence or absence of coronary atherosclerotic
lesions, because these tests are sensitive to ischae-
mia, which is not necessarily related to the presence
of significant organic coronary lesions. In particular,
these tests will not detect severe organic lesions if
the latter are unaccompanied by ischaemia and,
conversely, they will be positive in the presence of
ischaemia even in the absence of significant organic
coronary lesions.
The objective demonstration of the existence of

vasospastic ischaemia should stimulate similar
extensive studies for other possible pathogenetic
mechanisms.
The prevalence of symptomatic and asymptomatic

vasospastic acute myocardial ischaemia in ischaemic
heart disease, its natural history,28 70-72 and its role
in the genesis of acute myocardial infarction and
sudden coronary death,28 72 should be investigated.
The identification of the causes of vasospasm,

still largely controversial,41 73-76 and of the factors
that control the reversibility or irreversibility of
vasospasm, is required for rational treatment and
prevention. Meanwhile, the efficacy of symptomatic
treatment in reducing or preventing angina attacks
in patients with "primary" angina should be
evaluated by means of repeated cross-over trials in

individual patients,77 78rather than the usual double-
blind studies in groups of patients, because of the
possible individual differences in the aetiology of
the disease and because spontaneous waxing and
waning of symptoms often occur in these patients.

CLINICAL APPROACH
A careful history, continuous electrocardiographic
monitoring, and electrocardiographic stress testing
are at present the most valuable practical methods
for the diagnosis of acute transient myocardial
ischaemia. In those patients in whom a positive
diagnosis can be made, the observation of whether
angina occurs at a fixed or a variable threshold of
cardiac work, is the first clue to a diagnosis of
"primary" or "secondary" angina.

In secondary angina the assessment of the degree
of impairment of coronary flow reserve, from
carefully recorded history and by repeated electro-
cardiographic stress tests, provides the indication
for coronary arteriography, performed with a view
to coronary surgery. Only patients with severe
secondary angina are potential candidates for
coronary surgery for the treatment of their symp-
toms. Whether or not other patients are candidates
for coronary surgery for improvement of prognosis
is not one I can deal with now.

In primary angina, according to our experience, a
vasospastic origin should be suspected in those
patients with unstable angina at rest. However,
patients with stable angina were also shown to have
attacks of primary angina during ordinary daily
activity,79 and vasospasm has recently been
demonstrated during stress testing80 81 and cold
exposure.82 In fact, elevation of the ST segment,
a reasonably reliable hallmark of acute vasospastic
ischaemia, is sometimes observed during exer-
tion.28 8386 Vasospasm can be demonstrated angio-
graphically, by myocardial perfusion studies, and by
reproducing electrocardiographic changes by pro-
vocative tests, which seem to have high specificity,
but unknown sensitivity.87-89 As a treatment of
primary vasospastic angina, beta-blockers, the most
widely used antianginal drugs, do not have the same
rational indications as they do in secondary angina;
they were found to be effective in some patients,
but only at doses much higher than those sufficient
to produce complete beta-blockade.90 Nitrates and
calcium antagonists40 91 appear at present to be the
most effective drugs in the treatment of vasospastic
primary angina. Coronary bypass surgery does not
appear to be a reasonable approach for relieving
symptoms for patients with primary angina
"unresponsive" to medical treatment, though in
some patients operation might result in symptomatic
relief as has been observed in the case of other now
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obsolete surgical procedures. Patients with mixed
forms of angina may be candidates for bypass
surgery, after medical control of their spontaneous
attacks, if their exercise tolerance is much impaired.
In a recent study,92 coronary vasospasm has been
shown to occur after bypass surgery, cardiac
denervation, and autotransplantation. Prognosis
depends on the one hand on the intensity and
frequency of occurrence of vasoconstriction, and on
the other hand on the underlying severity ofcoronary
atherosclerosis, because any functional mechanism
capable of reducing myocardial perfusion may be
expected to have a more devastating effect in the
presence of organic lesions.
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